Methods and Materials
Protein expression and purification. Details regarding the procedure of GB3 expression and purification are as described previously. 1 Final samples were prepared in buffer consisting of 10 mM sodium acetate, pH 4.3, or 10 mM sodium phosphate at pH 7.0 in a 15%/85% (v/v) H 2 O/D 2 O mixture. The pH was read directly from a glass electrode pH meter without correction for the isotope effect.
NMR spectroscopy and exchange rate fitting. All NMR experiments were carried out on a Bruker Avance 600-MHz spectrometer, equipped with a z-axis gradient, triple resonance, cryogenic probe. For each sample, 3−4 mg of 15 N-labeled protonated GB3
powder was added to a 500 µl 15%/85% H 2 O/D 2 O mixed buffer and transferred immediately to a NMR tube which was then inserted into the NMR spectrometer.
Recordings of gradient-enhanced 2D 15 ( )
where I(t) is the peak volume at time t. One slight problem with the peak volume measurement is that the peak position changes slightly as the H/D exchange proceeds so that the region defining the peak has to be large enough for its volume measurement to remain accurate. For a peak that has other peaks nearby, this becomes difficult and only the peak height can be determined with good accuracy (about 10
amides are in such a scenario for GB3). Unlike the peak volume, the peak height is affected by the exchange rate caused by the variable isotope shift dispersion, which has the effect of slightly broadening the linewidth, primarily in the 15 N dimension. As a result, using peak height in the fitting of eq. S2 tends to slightly overestimate the exchange rate k. Figure S1 shows that the exchange rate fitted using the peak height is about 7.4% larger than that obtained from the peak volume fitting of well separated peaks of WT GB3 at 298 K and 303 K, with the peak volume and height extracted using the NMRView 4 and NMRPipe 5 programs, respectively. In the exchange rate fitting for all the measurements, the peak height was used and then the rate was corrected using the linear equation k_volume = k_height/1.074 in Figure S1 . 
Relationship between
Similarly if there are two amides (amides 2 and 3) with isotope effects that contribute to the chemical shift δ of amide 1, this δ can be written as
where
and δ 2H,3H , δ 2H,3D , δ 2D,3H , and δ 2D,3D are the chemical shifts when the isotope states of amides 2 and 3 are HH, HD, DH, and DD, respectively. Incorporating eq. S6− eq. S9 to eq. S5 gives
with the assumption that δ 2H,3H − δ 2D,3H = δ 2H,3D − δ 2D,3D = λ 1 and δ 2H,3H − δ 2H,3D = δ 2D,3H − δ 2D,3D = λ 2 . Eq. S10 can be easily generalized for a protein with N amides: Figure 3A) . Chemical shifts were calculated using the GIAO method 8, 9 at the MP2/6-311+g* level. Single point MP2/6-311+g* calculations were also performed for each structure and then the natural bond orbital (NBO) charge was extracted for each atom. The electric dipole moment of each NMA was calculated manually using the NBO charges with the origin set at the midpoint of the for the NMA 2 -NMA 3 H-bond, yielding an energy of 8.0 kcal/mol for the former and 8.1 kcal/mol for the latter after the correction of the Basis set Superposition error (BSSE). 10 Gaussian 09 was used for all quantum mechanical calculations. 275 K 280 K 275 K 280 K 275 K 280 K 275 K 280 K 275 K 280 K 3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 4 0.000 0.000 0.001 0.000 0.000 0.001 0.003 0.003 0.003 0.003 5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 The exchange rates are not available due to overlap between D22 and N37. c. The exchange rates are not available due to overlap between Y3 and A20. 
